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Abstract


The PLATZ gene family, known for its pivotal roles in regulating plant growth, development, and stress responses, is of great significance in rice biology and crop improvement efforts. In this study, we undertook a comprehensive identification and analysis of the PLATZ gene family across 10 Oryza genus species, including both cultivated and wild rice varieties. A total of 144 PLATZ genes were identified, demonstrating their widespread distribution. Phylogenetic analysis revealed six distinct groups among these genes, with high sequence similarity among members indicating a common evolutionary origin and potential functional conservation. Further analysis of conserved motifs, domains, and promoter regions provided insights into the transcriptional regulation and potential functions of PLATZ genes. Notably, expression profiling showed differential expression patterns of specific PLATZ genes, such as OsPLATZ7, OsPLATZ9, and OsPLATZ11, under various abiotic stress conditions and hormone treatments, highlighting their important roles in stress adaptation and hormone signaling. Additionally, the consistently high expression of OsPLATZ9 across multiple tissues suggests its involvement in multiple developmental processes. Overall, this study provides a detailed characterization of the PLATZ gene family in rice, laying the foundation for future functional studies and potential applications in agricultural biotechnology.
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1. Introduction


Rice, a herbaceous plant, belongs to the Oryza genus of the family Gramineae and is widely grown around the world as the most important food crop [1]. The existing species of rice mainly include Asian cultivated rice (Oryza sativa), African cultivated rice (Oryza glaberrima), and more than 20 wild rice species, that have diversified across a broad ecological range within a relatively short time scale [2]. According to the morphology, cytology, and molecular biology, the genome of 24 species of the Oryza genus can be divided into 10 types, including 6 diploid types (AA, BB, CC, EE, FF, and GG) and 4 allotetraploid types (BBCC, CCDD, HHJJ, and KKLL) [3]. Asian cultivated rice was domesticated from the wild species thousands of years ago, during which many good alleles for agronomic traits were lost through artificial selection [4]. Wild rice, with its wide geographical distribution and complex living environment, has a very rich genetic diversity in the process of natural selection, thus becoming an ideal resource for enriching the rice gene pool [5]. Therefore, it is crucial to identify the gene families of the Oryza genus and clarify the phylogenetic relationships for the rational and effective utilization of wild rice resources.



Transcription factors (TFs) are key regulatory factors in plant signal transduction, which can participate in various physiological and biochemical processes by regulating the expression of downstream genes [6,7]. At present, many transcription factors have been identified to participate in plant growth and development and abiotic stress processes, including NAC [8,9], MYB [10,11], WRKY [12,13], TCP [14,15], etc. Zinc finger transcription factors are one of the largest families of transcription factors in plants [16]. In 1983, transcription factor IIIA containing the zinc finger domain was first discovered in Xenopus oocytes, and zinc finger domain proteins began to receive extensive attention [17]. More and more studies have shown that zinc finger protein can affect the growth and development of plants and the ability to resist abiotic stress [18,19]. In 2001, the first PLATZ gene, PLATZ1, was identified from peas, which non-specifically binds to A/T sequences [20]. The multiple sequence alignments show that the PLATZ protein contains two highly conserved zinc finger domains: C-x2-H-x11-C-x2-Cx(4–5) C-x2-C-x(3–7) H-x2-H and C-x2-C-x(10–11) C-x3-C, which are necessary for its normal function [20]. PLATZ genes have been identified in many species and play important roles in many biological processes, including regulating plant growth and development and responding to abiotic stress [21,22,23,24,25,26].



In terms of growth and development, ZmPLATZ12 is specifically expressed in endosperm starch cells, and the PLATZ protein FL3 encoded by ZmPLATZ12 can affect the development of endosperm through the interaction with RPC53 and TFC1, thus affecting grain size in maize [21]. TaPGS1 directly binds to the E-box motifs of TaFL3 and OsFL3 promoters and regulates their expression in wheat and rice, thereby affecting grain development [27]. ZmPLATZ2 can target SSI, SSIIa, SSIV, SSV, ISA1, and ISA2, increase the expression levels of Sh2, Bt2, GBSSI, SSI, and SSIIIa, and regulate grain development by affecting the starch content in maize [28]. In rice, SG6 encodes PLATZ protein, which is highly expressed in panicles and can regulate grain size by regulating cell division [29]. QTL mapping identified GL6, a key gene that regulates rice grain size [30]. GL6 affects cell proliferation and regulates rice grain development by participating in the transcription of RNA polymerase III [30].



In terms of abiotic stress, AtPLATZ1 and AtPLATZ2 can regulate seed desiccation tolerance in Arabidopsis [31]. AtPLATZ2 negatively regulates salt tolerance by targeting the inhibition of CBL4 and CBL10 in Arabidopsis [32]. GhPLATZ1 was induced by ABA and drought in cotton, and the overexpression of GhPLATZ1 in Arabidopsis thaliana can improve salt tolerance [33]. GmPLATZ17 can interact with GmDREB5 and affect the drought resistance of soybean by inhibiting the expression of drought stress-related genes [34]. In addition, the PLATZ family has been identified in wheat [23], Tartary buckwheat [35], Ginkgobiloba [24], tomato [26], apple [25], and other species.



PLATZ genes play a very important role in plant growth and development, but the function and mechanism of most PLATZ genes in rice have not been clarified. Therefore, it is particularly important to identify and analyze rice PLATZ transcription factor gene family members by bioinformatics methods. In this study, PLATZ gene family members in 10 plants of Oryza genus, including rice, were identified, and their physicochemical properties, gene structure, evolution relationships, and cis-acting element were analyzed to clarify the evolution of the PLATZ genes in the genus. To investigate the potential function of the PLATZ gene in rice, the expression profiles of the PLATZ gene in different tissues and abiotic stresses were analyzed. The results of this study will help to better understand the evolution of PLATZ genes and lay a foundation for further research on the function of OsPLATZ genes in the growth and development of rice.




2. Materials and Methods


2.1. Identification of PLATZ Family Members in Oryza Genus


The whole-genome sequences and annotated files of Oryza sativa japonica (Os, AGIS 1.0) can be downloaded from the Rice Super Pan-genome Information Resource Database (http://www.ricesuperpir.com/, (accessed on 6 October 2024)). The whole-genome sequences and annotated files of the other 9 representative Oryza genus species, including Oryza nivara (On, v1.0.57), Oryza sativa indica (Osi, ASM465v1.57), Oryza rufipogon (Or, OR_W1943), Oryza barthii (Oba, v1.57), Oryza glaberrima (Ogla, v1.57), Oryza glumipatula (Oglu, v1.5), Oryza meridionalis (Om, v1.3.57), Oryza punctata (Op, v1.2.57), and Oryza brachyantha (Ob, v1.4b), were download from Phytozome v13 (https://phytozome-next.jgi.doe.gov/, (accessed on 6 October 2024)). The Hidden Markov Model (HMM) file for the PLATZ domain (PF04640) can be downloaded from the Protein Family (Pfam) database. The HMMER website (http://hmmer.org, (accessed on 6 October 2024)) was used to search for potential PLATZ genes in the 10-species genome, where the e-value threshold was set to 1 × 10−10. The PLATZ gene family members were finally identified after removing redundant sequences. To further analyze the physicochemical properties of the PLATZ gene family proteins, the Prosite ExPASy server (http://web.expasy.org/protparam/,(accessed on 6 October 2024)) was used to analyze the hydropathicity, molecular weight (MW), and isoelectric point (pI) of all the PLATZ proteins.




2.2. Phylogenetic Analysis of PLATZ Family Genes


The phylogenetic trees of all PLATZ genes from the 10 species were constructed using the Maximum Likelihood method of MEGA 11 software, and 1000 bootstrap replicates were set. The visualization is performed through the Timetree5 website (http://www.timetree.org/, (accessed on 10 October 2024)).




2.3. Analysis of Motifs and Conserved Domains


The motifs of all PLATZ genes were analyzed using the MEME Suite (https://meme-suite.org/meme/index.html, (accessed on 10 October 2024)), and the maximum motif number was set to 8. The conserved domain analysis of the PLATZ gene was carried out through the NCBI Conserved Structural Domains Database (CDD, https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml, (accessed on 10 October 2024)), and information of domain type, size, and location was obtained. Finally, TBtools software (v2.086) was used to visualize the above analysis results.




2.4. Gene Duplication and Synteny Analysis


The Multiple Collinearity Scan toolkit (MCScanX: http://chibba.pgml.uga.edu/mcscan2/, (accessed on 10 October 2024)) software was used to analyze intragenomic (evidence of whole-genome duplications) and intergenomic (between related species) homologous gene pairs and syntenic relationships within the Oryza genus; all parameters are default, and the analysis results are visualized by TBtools software. In addition, in order to determine whether there is selection pressure on genes, we calculated the non-synonymous substitution rate (Ka) and the synonymous substitution rate (Ks) and their ratios (Ka/Ks) by using TBtools software.




2.5. Conserved Cis-Element Analysis in Promoters


The 2000 bp upstream sequence of the PLATZ genes initiation codon was extracted from the genome sequence of the Oryza genus species. The cis-acting elements in the promoter region were analyzed using the PlantCARE database (https://bioinformatics.psb.ugent.be/webtools/plantcare/html/, (accessed on 10 October 2024)), and the light responsiveness, plant hormone-related, plant growth and development, and stress-related cis-elements were quantified.




2.6. Plant Materials and Stress Treatment


To analyze the response of the PLATZ gene to abiotic stress, the rice plants of O. sativa japonica cv. Liaoxing 1 (LX1) were grown in a constant temperature incubator at 30 °C with 16 h light/8 h darkness. After 2 weeks of growth, rice seedlings were treated with 300 mM sodium chloride (NaCl), 20% polyethylene glycol (PEG 6000), and ddH2O, respectively. The samples were selected at 0, 3, 6, 12, and 24 h after treatment, and RNA extraction and qRT-PCR analysis were performed.




2.7. RNA Extraction and qRT-PCR Analysis


Total RNA was extracted and reverse-transcribed into cDNA using the plant total RNA extraction kit (TAKARA, China, NO.9769) and PrimeScript RT reagent kit (TAKARA, China, RR037Q), respectively. The cDNA was used as the template for the gene expression analysis; we selected the SYBR Premix Ex TaqII kit (TAKARA, China, RR820A) and configured the reaction system according to the manufacturer’s instructions. Applied Biosystems ABI7500 (Thermo Fisher Scientific, USA) was used to detect fluorescence. The relative expression levels of OsPLATZ genes were calculated based on the comparative Ct method using the 2^ΔΔ Ct method [36], and all expressions were normalized against the Actin1 gene. All primer sequences are listed in Table S1, in which actin1 is used as the internal control.




2.8. Microarray-Based Expression Analysis


The RiceXPro database (https://ricexpro.dna.affrc.go.jp/, (accessed on 12 October 2024)) was utilized to conduct a comprehensive analysis of the expression profile of the OsPLATZ gene across various tissues and organs in rice. Furthermore, we assessed the expression pattern of OsPLATZ in the aboveground portions of rice plants following treatment with a range of plant hormones, including abscisic acid, gibberellin, auxin, brassinosteroid, cytokinin, and jasmonic acid. The Cy5/Cy3 ratio was calculated using the raw signal intensities of Cy5 and Cy3 for the OsPLATZ genes, specifically by computing log2(sample (Cy5/Cy3)/negative control (Cy5/Cy3)) [37,38]. Finally, a heatmap of OsPLATZs expression was generated. Ultimately, only 12 out of the 15 OsPLATZs were detected, including OsPLATZ1, OsPLATZ2, OsPLATZ3, OsPLATZ4, OsPLATZ7, OsPLATZ9, OsPLATZ10, OsPLATZ11, OsPLATZ12, and OsPLATZ14.





3. Results


3.1. Identification of PLATZ Genes in 10 Oryza Genus Genomes


For this analysis, we selected species that represented the major clades of the Oryza genus, including AA genome type species Oryza nivara (On), Oryza sativa subsp. indica (Osi), Oryza sativa subsp. japonica (Os), Oryza rufipogon (Or), Oryza barthii (Oba), Oryza glaberrima (Ogla), Oryza glumipatula (Oglu) and Oryza meridionalis (Om), BB genome type species Oryza punctata (Op), and FF genome type species Oryza brachyantha (Ob). The PLATZ transcription factor coding genes in these ten genomes are convinced by Pfam through searching the PLATZ domain. Finally, 15, 16, 15, 13, 15, 15, 16, 13, 15, and 11 PLATZ genes in On, Osi, Os, Or, Oba, Ogla, Oglu, Om, Op, and Ob were identified, respectively (Table S2, Figure S1). Finally, the name of the putative PLATZs in the Oryza genus was assigned according to the physical location of the PLATZ genes in the respective genomes.



Based on the physicochemical property analysis, we observed that the number of amino acids in these 144 PLATZ proteins ranged from 80 to 848 (Figure 1A, Table S2), with corresponding molecular weights spanning from 8.71 to 89.93 KDa (Figure 1B, Table S2). Specifically, OglaPLATZ14 exhibited the lowest molecular weight of 8.71 KDa, whereas ObPLATZ9 possessed the highest molecular weight of 89.93 KDa (Figure 1B, Table S2). Within the japonica rice subset, OsPLATZ15 demonstrated the smallest number of amino acids (80) and the lowest molecular weight (8.87 KDa). Conversely, OsPLATZ8 showed the largest number of amino acids (298) and the highest molecular weight (33.89 KDa) (Figure 1A,B, Table S2). Furthermore, the isoelectric points (pI) of the 144 PLATZ proteins were found to vary between 5.54 and 10.36 (Figure 1C, Table S2). Regarding protein hydrophilicity, the GRAVY values revealed that six proteins, OsPLATZ1, OglaPLATZ1, OglaPLATZ13, OglaPLATZ14, OglaPLATZ15, and ObaPLATZ15, displayed hydrophobic characteristics, with respective GRAVY values of 0.105, 0.116, 0, 0.014, 0.116, and 0.014, respectively (Figure 1D, Table S2). All other PLATZ proteins displayed hydrophilic characteristics, as evidenced by their GRAVY values being less than 0 (Figure 1D, Table S2).




3.2. Phylogenetic Analysis of PLATZ Genes in Oryza Genus


To elucidate the evolutionary relationships among PLATZ genes within the Oryza genus, we conducted a comprehensive phylogenetic analysis on 144 PLATZ genes identified from 10 Oryza genomes. Our analysis revealed a clear classification of the PLATZ gene family into six distinct groups, labeled Group 1 through Group 6, which comprised 28, 18, 37, 10, 25, and 26 members, respectively (Figure 2). Notably, the high sequence similarity and close genetic distances observed among PLATZ proteins from different genomes suggest a high degree of functional conservation across these species. Among the groups, japonica rice PLATZ genes were distributed across all six groups, with Group 3 having the highest number of members at four genes, while Group 4 harbored only a single gene (Figure 2).




3.3. Conserved Motif and Domain Analysis of PLATZ Genes in Oryza Genus


Utilizing the phylogenetic tree as a framework, we conducted an in-depth conserved motif and domain analysis of the PLATZ gene across Oryza species. Our sequence analysis identified eight distinct motifs within the PLATZ gene family. However, it was noted that no single motif was universally present across all the 144 PLATZ sequences examined. The distribution of these motifs varied notably across different clades. Group 1 members consistently harbored motifs 1, 5, 7, and 8, along with several additional motifs (Figure 3). Group 2 members, on the other hand, shared the presence of motifs 1 through 6. Group 3 members were characterized by the shared presence of motifs 1 and 3 (Figure 3). Meanwhile, Group 4 members collectively possessed motifs 5, 6, and 7. Intriguingly, in Group 5, only motif 1 was universally conserved among all members (Figure 3). Group 6 members shared five motifs: motifs 1 through 4 and motif 7 (Figure 3). Further analysis of the conserved domains within PLATZ proteins revealed that most members contained solely the PLATZ domain, and its position within the protein sequence was remarkably consistent across different members. These findings underscore the presence of a conserved structural domain within the PLATZ gene, contributing to its functional stability and evolutionary conservation.




3.4. Gene Duplication and Synteny Analysis of PLATZs


Following the analysis of gene duplications, we identified distinct numbers of segmental duplications in the On, Osi, Os, Or, Oba, Ogla, Oglu, Om, Op, and Ob genomes: 1, 4, 4, 3, 2, 1, 4, 1, 3, and 2 pairs, respectively (Figure 4A–J). Notably, in the Os genome, gene pairs were observed, including OsPLATZ3 and OsPLATZ11, OsPLATZ5 and OsPLATZ11, OsPLATZ7 and OsPLATZ9, and OsPLATZ7 and OsPLATZ14 (Figure 3C). Utilizing the TBtools software to calculate the Ka/Ks (synonymous/non-synonymous) ratios, we found that the vast majority of these ratios were less than 1, indicating the predominance of purifying selection during gene duplication (Figure 5C). Intriguingly, the Ka/Ks values of only two tandem gene pairs, OsiPLATZ5 and OsiPLATZ11, as well as OsiPLATZ15 and OsiPLATZ3, in the Osi genome, exceeded one, suggesting possible diversifying selection in these specific instances (Figure 5C).




3.5. Synteny Analysis of PLATZ Genes Among Various Genomes


To decipher the origin and evolutionary history of the PLATZ gene family, we performed a comprehensive collinearity analysis across ten rice genus genomes. Our analysis unveiled the existence of 138 orthologous PLATZ gene pairs distributed among these genomes. Specifically, we identified 21, 17, 15, 16, 14, 17, 13, 12, and 13 pairs of homologous gene pairs in the adjacent genomes of On, Osi, Os, Or, Oba, Ogla, Oglu, Om, Op, and Ob, respectively (Figure 6).



To gain insight into the selective pressures acting on these genes, we computed the Ka/Ks ratios for the collinear gene pairs. Intriguingly, we observed a mixed pattern of selection pressures. For the collinear gene pairs spanning from On to Oglu genomes, the Ka/Ks ratios were diverse, with some values exceeding one, indicating positive selection, and others falling below one, suggesting purifying selection (Figure 7C). This heterogeneity implies that during this period, the PLATZ genes were under the dynamic influence of both evolutionary forces. In contrast, for the collinear gene pairs located between the Oglu and Ob genomes, all Ka/Ks ratios were consistently less than one, clearly indicating that the PLATZ genes in this latter phase were predominantly subject to purifying selection (Figure 7C). These findings provide a comprehensive view of the evolutionary dynamics of the PLATZ gene family across rice genomes, shedding light on their origins, expansion, and the selective pressures shaping their evolution.




3.6. Promoter Region Cis-Acting Regulatory Elements Analysis


To gain insights into the transcriptional regulation and potential functions of PLATZ genes, we performed a comprehensive analysis of the promoters of 144 PLATZ genes. This analysis identified 20 major cis-acting regulatory elements within the 2000 bp promoter sequences. Among these elements, core elements account for 62.33% of the total, and light responsiveness, plant growth and development, plant hormone regulation, and stress response-related elements account for 6.56%, 6.74%, 7.96%, and 16.41%, respectively (Figure 8).



Interestingly, the distribution of these cis-acting elements was highly conserved across different genomes. Specifically, in the Os genome, the proportions of light responsiveness, plant growth and development, plant hormone-related, and stress-related elements were 6.07%, 6.14%, 8.16%, and 17.48%, respectively (Figure 8).



These findings suggest that PLATZ genes may play critical roles in regulating plant growth and development. Moreover, their responsiveness to light signals, hormones, and stress stimulus, as indicated by the presence of relevant cis-acting elements in their promoters, further underscores their potential significance in adaptive and developmental processes in plants.




3.7. Expression Pattern of Core OsPLATZs in Different Tissues


To investigate the expression patterns of OsPLATZs across different developmental stages, we identified unique expression profiles for ten OsPLATZ genes across 48 tissues through analysis conducted using the RiceXPro database. Notably, OsPLATZ9 exhibited high expression levels across all 48 tissues examined (Figure 9A). Conversely, OsPLATZ1, OsPLATZ2, and OsPLATZ12 showed deficient expression in nearly all tissues, suggesting functional redundancy among certain members of the OsPLATZ gene family (Figure 9A). Furthermore, collinear gene pairs displayed congruent expression patterns. For instance, OsPLATZ7, OsPLATZ9, and OsPLATZ14 demonstrated elevated expression levels in leaf, root, and stem. Meanwhile, OsPLATZ3 and OsPLATZ11 were expressed in inflorescence but were underexpressed in other tissues, highlighting their distinct roles in inflorescence development (Figure 9A).




3.8. Expression Pattern Analysis of OsPLATZs Under Different Hormone


Given the potential roles of PLATZs in hormone and stress regulation revealed by promoter analysis, we examined the expression profiles of OsPLATZs under hormone treatments and abiotic stress conditions. The expression profiles of OsPLATZs in response to hormone treatments were also identified using the RiceXPro database. The results indicated that under abscisic acid (ABA) treatment, the expression levels of OsPLATZ7 and OsPLATZ9 increased, whereas those of OsPLATZ3 and OsPLATZ11 decreased (Figure 9B). Additionally, under jasmonic acid (JA) treatment, OsPLATZ7, OsPLATZ9, OsPLATZ10, and OsPLATZ14 exhibited increased expression levels, while OsPLATZ1, OsPLATZ2, OsPLATZ3, and OsPLATZ4 showed decreased expression levels (Figure 9B).




3.9. Expression Pattern Analysis of OsPLATZs Under Abiotic Stresses


To delve into the potential roles of OsPLATZ genes in response to abiotic stresses, we conducted experiments on O. sativa japonica cv. LX1, exposing it to PEG 6000 and NaCl solutions. Based on the expression level results, 20% PEG 6000 and 300 mM NaCl concentration were selected (Figure S2). Ultimately, only 12 out of the 15 OsPLATZs were detected, including OsPLATZ1, OsPLATZ2, OsPLATZ3, OsPLATZ4, OsPLATZ5, OsPLATZ7, OsPLATZ9, OsPLATZ10, OsPLATZ11, OsPLATZ12, OsPLATZ14, and OsPLATZ15. Upon quantifying the expression levels of the OsPLATZ genes, a distinct pattern emerged: following PEG 6000 treatment, the transcription of OsPLATZ7 and OsPLATZ9 genes was notably upregulated, whereas the expression of OsPLATZ1, OsPLATZ2, OsPLATZ3, OsPLATZ4, OsPLATZ11, OsPLATZ12, and OsPLATZ15 genes underwent significant downregulation (Figure 10).



In the case of the NaCl treatment, the expressions of OsPLATZ5, OsPLATZ10, and OsPLATZ11 genes exhibited an upward trend, while the expressions of OsPLATZ1, OsPLATZ2, OsPLATZ3, OsPLATZ12, OsPLATZ14, and OsPLATZ15 genes were markedly downregulated (Figure 11).





4. Discussion


The PLATZ gene family, first identified in 2001 from peas, represents a distinct class of zinc finger transcription factors characterized by the presence of two highly conserved zinc finger domains [20]. These domains are crucial for the normal function of PLATZ proteins, which have been shown to play pivotal roles in regulating various biological processes in plants, including growth and development, as well as responses to abiotic stresses [21,22,23,24,25,26]. The broad distribution and functional diversity of PLATZ genes across multiple plant species underscore their importance in plant biology.



Previous studies have analyzed PLATZ gene families in various plant species, such as Arabidopsis, soybean, and maize, identifying 13, 8, and 17 members, respectively [21,31,39]. However, the comprehensive characterization of the PLATZ gene family in rice (Oryza sativa) remains largely unexplored. In this study, we have undertaken a complete identification and analysis of the PLATZ family genes in 10 representative species of the Oryza genus, encompassing eight AA genomes, one BB genome, and one FF genome. Our analysis identified a total of 144 PLATZ genes across these species, with varying numbers in each genome: 15 in Oryza nivara, 16 in Oryza sativa indica, 15 in Oryza sativa japonica, 13 in Oryza rufipogon, 15 in Oryza barthii, 15 in Oryza glaberrima, 16 in Oryza glumipatula, 13 in Oryza meridionalis, 15 in Oryza punctata, and 11 in Oryza brachyantha. The presence of PLATZ genes in both cultivated and wild rice species highlights their significance in the adaptation and domestication of rice. The physicochemical property analysis of PLATZ proteins revealed a wide range of molecular weights and isoelectric points, suggesting diverse functions across different species and conditions. The phylogenetic analysis of the 144 PLATZ genes identified six distinct groups, with Group 3 having the largest number of members. Notably, PLATZ genes from japonica rice were distributed across all six groups, providing a framework for understanding functional conservation and divergence within the PLATZ gene family. The high sequence similarity and close genetic distances observed among PLATZ proteins indicate a common ancestral origin and subsequent functional diversification during evolution. The conserved motif and domain analysis revealed eight distinct motifs and a single conserved PLATZ domain within the PLATZ gene family. The variable distribution of motifs across different clades suggests that specific motifs may be associated with particular functional traits.



The analysis of promoter region cis-acting regulatory elements provided valuable insights into the transcriptional regulation and potential functions of PLATZ genes. The abundance of elements related to light responsiveness and plant growth and development suggests crucial roles for PLATZ genes in these processes. Consistent with previous studies, our findings also indicate that PLATZ genes play important roles in plant morphogenesis and organ development. For instance, in corn, the PLATZ protein FL3 encoded by ZmPLATZ12 interacts with RPC53 and TFC1 to influence endosperm development, thereby affecting corn kernel size [21]. In rice, both OsFl3 and GL6 are members of the OsPLATZ gene family, regulating grain development by modulating cell division and proliferation, respectively [27,30]. In this study, GL6 was identified as OsPLATZ11, and its highest expression in inflorescence further supports its role in grain growth and development. OsPLATZ3 shares the same expression pattern as OsPLATZ11, and collinearity analysis suggests a collinear relationship between OsPLATZ3 and OsPLATZ11, indicating that they may share conserved functions. Therefore, we predict that OsPLATZ3 may possess similar grain development regulatory functions to OsPLATZ11. Additionally, OsFl3 was identified as OsPLATZ1 in this study. While OsPLATZ1 has similar functions to OsPLATZ11 in grain development, no collinear genes were detected for OsPLATZ1. Interestingly, the expression of the OsPLATZ9 gene is consistently high across various tissues, with a gradual increase in expression in both the embryo and endosperm over time. These results suggest that it may play a housekeeping role or be involved in multiple developmental processes.



The analysis of cis-acting regulatory elements in the promoter region has yielded invaluable insights into the transcriptional regulation and potential functions of PLATZ genes. The presence of elements related to plant hormone regulation and stress response further suggests that PLATZ genes may play a role in hormone signaling and stress adaptation. The expression profiles of OsPLATZ genes in response to hormone treatments underscore their potential involvement in hormone signaling pathways. Notably, the elevated expression of OsPLATZ7 and OsPLATZ9 under ABA treatment hints at their potential roles in ABA-mediated stress responses. Similarly, the increased expression of OsPLATZ7, OsPLATZ9, OsPLATZ10, and OsPLATZ14 in response to JA treatment indicates their likely involvement in JA-mediated defense responses. Collectively, these findings imply that PLATZ genes may serve as integrators of various hormone signaling pathways, regulating both plant growth and stress responses. Numerous PLATZ genes have been found to play crucial roles in abiotic stress responses in plants such as Arabidopsis, cotton, and millet. For instance, AtPLATZ4 in Arabidopsis enhances drought tolerance by upregulating the expression of ABI3, ABI4, and ABI5 [40], while SiPLATZ12 in millet reduces drought tolerance by suppressing the expression of SiNHX, SiCBL, and SiSOS genes [41]. Furthermore, the expression of the GhPLATZ1 gene in cotton is significantly upregulated under NaCl, mannitol, abscisic acid (ABA), and gibberellin (GA) treatments, and its ectopic expression in Arabidopsis improves drought tolerance [33]. In this study, the expression analysis of OsPLATZ genes under abiotic stress conditions provides further evidence of their involvement in stress adaptation. The upregulation of OsPLATZ7 and OsPLATZ9 under PEG treatment suggests their potential roles in drought stress responses, while the upregulation of OsPLATZ5, OsPLATZ10, and OsPLATZ11 under PEG treatment indicates their likely involvement in salt stress responses. Conversely, the downregulation of several OsPLATZ genes under both stress conditions suggests that they may be negatively regulated by abiotic stresses or play specific roles in other developmental processes.




5. Conclusions


In this study, we conducted a comprehensive identification and analysis of the PLATZ gene family in 10 representative Oryza genus species. A total of 144 PLATZ genes were identified, revealing their wide distribution and diverse functions across cultivated and wild rice species. Our analysis showed that these genes can be classified into six distinct groups, with high sequence similarity and functional conservation. The analysis of promoter regions and expression patterns suggested that PLATZ genes play crucial roles in plant growth, development, and abiotic stress responses. Specifically, genes like OsPLATZ7, OsPLATZ9, and OsPLATZ11 were found to be differentially expressed under various stress conditions, indicating their potential roles in stress adaptation. This study provides a valuable resource for the further functional characterization of PLATZ genes in rice and their potential applications in crop improvement.
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Figure 1. Biochemical information of PLATZ proteins in 10 species of Oryza genus. (A) Number of amino acids; (B) molecular weight; (C) pI; (D) GRAVY. 
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Figure 2. Phylogenetic tree of PLATZ proteins in 10 species of Oryza genus. The protein represented by the triangle icon in the centrifugal direction originates from Oglu or Om, while the protein in the centripetal direction originates from On or Op. 
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Figure 3. Phylogenetic tree, conserved motifs, and conserved domains of PLATZs. (A) Phylogenetic tree of PLATZs; (B) eight conserved motifs of PLATZ proteins; (C) conserved domains of PLATZs. 
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Figure 4. Collinearity analysis of PLATZ genes in the ten Oryza. (A) Oryza nivara; (B) Oryza sativa indica; (C) Oryza sativa japonica; (D) Oryza rufipogon; (E) Oryza rufipogon; (F) Oryza glaberrima; (G) Oryza glumipatula; (H) Oryza meridionalis; (I) Oryza punctata; (J) Oryza brachyantha. 
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Figure 5. The Ka/Ks values of collinear gene pairs in the ten Oryza. (A) Ka values; (B) Ks values; (C) Ka/Ks values. 
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Figure 6. Collinearity analysis of PLATZ genes between different species. 
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Figure 7. The Ka/Ks values of collinear gene pairs between different species. (A) Ka values; (B) Ks values; (C) Ka/Ks values. 
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Figure 8. The number of cis-acting elements contained in the promoter of the PLATZ genes. Red indicates higher numbers of cis-acting elements. White indicates lower numbers of cis-acting elements. 
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Figure 9. Heatmap of the expression of OsPLATZs. (A) Expression pattern analysis of OsPLATZs in different tissues. (B) Expression pattern analysis of OsPLATZs different hormones. The green and red squares relatively denote lower and higher expression levels. 
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Figure 10. The expression analysis of OsPLATZ genes in response to PEG 6000 treatment. Values are presented as means ± SD (n = 3, * p < 0.05, ** p < 0.01; Student’s t-test). 
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Figure 11. The expression analysis of OsPLATZ genes in response to salt stress. Values are presented as means ± SD (n = 3, * p < 0.05, ** p < 0.01; Student’s t-test). 
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